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ON DOMATIA IN CERTAIN AUSTRALCA ANE 
OTHER PLANTS. 


By ALEX. G. HAMILTON. 


(Plate LVII) 


Some years ago, when collecting Pennantia Cunninghamit, 
Miers, my attention was attracted by the presence of prominences 
on the upper surface of the leaves which I at first took to be the 
nidus of some leaf-mining insect larva. But further observation 
showed that they always had an opening on the under surface of 
the leaf, and invariably occurred in the same position, viz.. in the 
axils of the veins. A short time after, I happened to look at the 
leaves of the ornamental New Zealand shrub, Coprosma lucidi, 
commonly eultivated in gardens, and I was much interested to 
notice in this plant also the presence of cavities opening to the 
exterior by conspieuous pores on the lower surface of the leaf. 
After this I began to examine the leaves of the plants within 
reach more systematically. 

No books that I was able to consult seemed to throw any light 
on the subject, and as I am distant from libraries, I was glad to 
make known my needs to several Sydney friends who were at 
length successful in giving me a clue. 

The first important intelligence came from Mr. E. Betche, who 
sent me the following quotation from Dr. R. Schumann’s article 
on Rubiacew, in Engler’s “ Naturliche Pflanzenfamilien ":— ** In 
den Nervenachseln auf der Rückseite der B. befinden sich zuweilen 
TMaarbüschel, welche eine etwas eingedrückte Stelle der Blatt- 
spreite umwachsen ; man nannte diese Stellen Blatt-scropheln 
(Serobicule) gegenwärtig werden sie als Domatien bezeichnet. 
Sie sind fur gewisse Arten von Cinchona zur Unterscheidung 
benutzt worden." 

The next dithculty encountered was to find definitions of scro- 
bicula and domatium. Eventually Mr. J. J. Fletcher found in 
Henslow's “ Floral Structures ” (p. 115) a reference to Dr. Lund- 


BY ALEX. G. HAMILTON. 129 


stróm's important paper on the subject* (with a copy of which 
the author most kindly favoured me subsequently). Also that 
Howard (Illust. N. Quinologia) speaks of ‘the scrobicules or 
glands [in Cinchona], as Pavon calls them." 

Mr. J. P. Hill sent me Geddes’ ** Chapters in Modern Botany,” 
on p. 134 of which Lundstróm's views are mentioned. Mr. C. T. 
Musson obtained for me the reference to Mr. Cheeseman's paper 
“On the New Zealand Species of Coprosma,"] and so disposed of 
any doubt that New Zealand naturalists had failed to notice the 
structures in question in plants of this genus. 

Dr. Lundstróm was the first naturalist who systematically 
investigated these structures. The following extracts from the 
summary of it in the Journ. R. Microscop. Soc. (1888, p. 87) will 
sufficiently indicate the conclusions at which he arrived in his 
valuable paper. 

^ Domatia.—Dr. A. N. Lundstrom defines as ‘domatia’ those 
formations or transformations on plants adapted to the habitation 
of guests, whether animal or vegetable, which are of service to 
the host, in contrast to cecidia, where such habitation is injurious 
to the plant. He describes these domatia in detail on the lime, 
alder, hazel, and other trees and shrubs, and gives a very long 
list of species, belonging to a great variety of natural orders, on 
which they are found. 

“ The principal types of shelter are as follows :—(1) Hair-tufts, 
e.g., in Tilia europea; (2) recurvatures or foldings in various 


parts, e.g., in Quercus robur . . . ; (3) grooves without hairs, 
as in Coffea arabica . . . ; with marginal hairs, e.g., Psycho- 
tria daphnoides . . .  ; with basal hairs, as in Anacardium 


occidentale . . . 3; (4) pockets, as in Zleocarpus oblongus 

; (5) pouches, e.g. Eugenia australis. These different 
types of domatia are connected by transition forms. The habit 
of producing domatia in a species may become hereditary without 
the actual presence of the predisposing cause. Certain orders, 


* Nov. Act. R. Soc. Sc. Upsala, (3) xiii. (1887), pp. 1-72 (4 pls.). 
T Trans. N. S. Ilust. six. 1556, p. 221 [1887]. 
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eg, Rubiaceae (famous also for ant-domatia) show a marked pre- 
disposition to acaro-domatia, Many groups seem entirely with- 
out them, e.g., Monocotyledons and Gymnosperms, and all herbs. 
They are most abundant and best developed in tropical (and 
temperate) zones. 

“In the second chapter the author discusses in detail the 
various interpretations which may be put upon domatia. (1) 
They may be pathological, like galls; (2) they may be for catching 
insects; (3) they may have only an indirect connection with 
their tenants; (4) they may be of use to the plant as the dwellings 
of commensals. He adopts the last interpretation. He draws 
an interesting parallel, however, between galls and domatia, and 
is inclined to suppose that the domatia were first directly caused 
by the insects, but have gradually become inherent, transmitted 
characteristics. The author gives a clear table, distinguishing 
the cecidia or galls due to ‘antagonistic symbiosis,’ either plant 
or animal, (phyto- and zoo-cecidia), and domatia due to ‘ mutual 
symbiosis,’ either plant or animal (phyto- and zoo-domatia). Those 
due to plants are again subdivided into myco- and phyco-cecidia 
or -domatia." 

Mr. Cheeseman’s remarks are very interesting, not only because 
his paper was published in the same year (1887) as Lundstróm's, 
but also because he, too, noticed that the domatia of Coprosma 
were often tenanted by Acarids. He says: “In nearly all the 
species except a few of the smaller-leaved ones, curious little pits 
exist on the under surface of the leaves, in the axils formed by 
the union of the primary veins with the midrib. They are never 
more than 1 of an inch in length, and are usually much less. 
Inside they are lined with numerous stiff white hairs, which on 
being treated with caustic potash are seen to be composed of two 
or three cells. So far as I have observed, the pits do not secrete 
anything, and I am quite unable to guess at their function. They 
are often inhabited by a minute yellow Acarid, which makes use 
of them as a home. Sometimes two or three Acarids may be 
found in the same pit, and they crawl freely about the young 
leaves and branches.” (Trans. N.Z. Inst. Vol. xix. p. 221.) 
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Lundstróm, quite reasonably. expresses surprise that domatia 
have attracted so little notice. And hardly less remarkable is it 
that up to the present time, the text books have still nothing, or 
so little to say about them or their significance. Nevertheless, 
they were long ago noticed in at least one Australian plant, but 
having been relegated to the category of **glands"—* that word 
of many meanings," as De Dary remarks— their nature seemed to 
be looked upon as settled. For example, in Vol. li. of Curtis's 
Botanical Magazine, published in 1824, there is a figure (P1. 2483) 
of Cissus | Fitis] antarctica [ = V. Baudiniana, F.v.M.], in which 
domatia are distinctly shown, while the text mentions * folis 
ovatis laxe serratis glabriuseulis subtus glandulosis.” The 
synonymy also shows that at a still earlier period Poiret, because 
of the presence of these supposed glands, had deseribed the species 
under the name of C. glandulosa, “foliis ovatis glabris laxe 
dentato-serratis nervis basi glandulosis." 


In 1879, at a Meeting of the Linnean Society of London, 
“Mr. R. Irwin Lynch directed attention to a growing example 
from Kew Gardens, and some of the dried leaves of Xanthosoma 
appendiculatum, on the under surface of which peculiar pouch- 
like excrescences emanate from the midrib. This pseudo- 
monstrosity is of remarkably constant occurrence.”* If these 
exerescenees be, as I think they are, domatia, the plant (an 
Aroid) is remarkable as being the only instance known of the 
occurrence of domatia in the Monocotyledons. Mr. Lynch, too, is 
the first, apparently, who saw anything uncommon in the 
structures. 

A few other references to what would now be called domatia 
may be given. 

Trimen says of Psychotria bisulcata, ** Lateral veins often with 
very deep pits in their axils, which appear as warts on the upper 
surface." (“ Handbook of the Flora of Ceylon.") 








* Journ. of Bot. April, 1879, p. 125, but not noticed in the Proceedings 
of the Society. 
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Tn classifying the Cinchonas, Howard states that Pavon divided 
the 40 species into two groups: 23 species without glands (sin 
glandulas) and 12 with glands (con glandulas)}. (“ Illustrations 
of the Nueva Quinologia of Pavon,” 1862.) C. villosa, one of the 
second group is thus described; “Folia . . . glandulis nonnullis 
rotundatis, subtus concavis, marginibus villosis, supra promi- 
nentibus, ad nervorum axillas insertis, supra obscure viridia, 
subtus dilute.” . . . ‘This is a species moderately 
hairy all over, especially on the under-side veins.” From the 
position of these so-called glands in the nerve-axils, and their 
appearance in the figures, I have no doubt but that they are 
domatia. Among the species spoken of as without glands, C. 
viridifolia is described as “At nerve-axils pilose-tomentose," 
which is one of the forms of domatia. C. villosa and C. con- 
glomerata are mentioned as hairy. This is contrary to Dr. Lund- 
stróm's experience: his opinion being that domatia do not occur in 
hairy-leaved plants. 

A doubtful species of Calisaya known as “navanjada” is 
spoken of by Howard as having “scrobicules not only at the 
axils of the veins, but also at their junction with the smaller 
veins, as in Olea scrobiculata.” The accompanying figure shows 
very distinct domatia, which are visible on both sides of the leaf. 
(Journal of Botany, 1869, p. 3.) 

Of Cinchona Ledgeriana, Trimen says: **scrobieules not con- 
Spicuous, mostly confined to the upper vein-angles.” (Journ. of 
Botany, 1881, p. 323.) 

Martius in the “ Flora of Brazil” refers to these structures in 
several deseriptions of the leaves. l 

Hooker says of Fleocarpus dentatus, “with hollows where the 
veins meet the midrib.” (Handbk. N.Z. Flora, p. 34). 

F. v. Mueller remarks of Cupania foveolata : “The principal 
veins with dimples in their axils.” (Fr. Phy. ix. p. 95.) 

Bentham describes Vephelium foveolatum as “having frequently 
a cup-shaped cavity in the axils of the primary veins.” (Fl. 
Aust. 1. p. +66): Cupania xylocarpa, “with hairy tufts almost 
always conspicuous in the axils of the raised primary veins.” 
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(ib. p. 447); the leaves of Vitis oblongata “ with two large glands 
underneath in the axils of the lateral veins”: the leaflets of V. ster- 
eulifolia “with glands or foveolez in the axils of some of the 
primary veins underneath” (ib. p. 450). He also mentions 
‘“olands” on the leaves of V. Baudtiutana. 

hecently €. de Lagerheim has described some new acaro- 
domatia (2) in Selinum jasminoides and S. pseudoquina, and he 
refers to the descriptions in De Candolle's Prodromus as evidence 
of several other species being domatia-bearing : he also discusses 
a new form of domatium in some plants of the genus Cestrum. 


A great part of the observations recorded below were embodied 
in a paper read at the Meeting of this Society in November, 1995, 
but as at this time I was not aware of Lundstrim’s paper, I was 
allowed to withdraw it for the purpose of re-writing with a know- 
ledge of that author's work. 

The domatia that have come under my notice consist of hollows 
in the under surface of the leaf, and always occurring in vein 
axils. They are usually roofed over either by an extension of the 
leaf tissues, or by hairs. They are distinguished by peculiarities 
in the minute structure of the part of the leaf lying over them. 
Those that are known to me I divide into groups according to 
their outward structure as follows :— 

Group 3.— Circular lenticular cavities on the under side of the 
leaf, each with a small opening and a thickened rim. Those 
found in Pennantia Cunningham? present the highest develop- 
ment of this type which I have seen. 

Group i.— Pouches formed by a widening of the principal and 
lateral veins at the axils, the space being filled in with tissue so 
as to form a triangular pouch or pocket. To this group belong 
the domatia in Dysowylum Fraserianum. 

Group vii.— Depressions or hollows formed by a thinning of 
the leaf substance at the axils. Of this type Viburnum chinense 
furnishes the best example. 

Group iv.—Dunches of hairs in the axils proceeding from the 
principal and secondary veins, such as are found in Rubus Moorei. 
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Group v.—Thicker bunches of hairs at the axils in plants which 
have leaves coated with hairs, as in Psychotria loniceroides. 

In groups i., ii. and iii. there may or may not be hairs in the 
domatium or round the edge of the orifice, or the hairs may be 
entirely absent. A regular gradation may be traced between all 
these forms, and it is sometimes difficult to say in which category 
a particular domatium should go. I think that this arrangement 
is the most natural, for as will be seen it is much the same as the 
consecutive steps in the development of the domatium of 
Pennantia.* 

Group. 4. 

PENNANTIA CuxxNINGHAMII Miers.—-In this plant, Domatia 
probably reach their highest development. They occur most 
commonly at the first axils of the secondary veins, but are some- 
times to be found in the axils of the principals and secondaries, 
and very often on the ramifying veins at junctions (fig. 1). They 
vary from 9 to 50, and I have counted more than 100 on one or 
two leaves. They are very constant in occurrence. But some 
time ago I found two plants on opposite sides of a creek, and 
within a few yards of each other, in one of which every leaf had 
upwards of 30, while many on the other had none, and the 
majority only a few. But this was the only plant out of some 
hundreds which I examined that was in this condition. On 
recently visiting these plants, I find that all the young leaves on 
the plant formerly without domatia have them in normal numbers 
and perfect in development on the mature leaves. It will be seen 





* Since completing this paper I have observed in Mackaya bella, Harv., 
(Acanthacere) rows of white hairs with crimson tips on the main and 
secondary veins at the axils; and triangular pouches in the leaves of 
Eupatorium riparium, Regel. (Composite). "This last is interesting, as itis 
an herbaceous plant, in which Lundström supposed domatia did not occur. 
I have aiso received, through the kindness of Mr. R. T. Baker, herbarium 
specimens of Weinmannia paniculosa, F.v. M. (= Ackama Muellert, Benth.), 
which possess the most remarkable domatia I have yet seen. I hope to 
describe these hereafter when I am able to examine fresh specimens, They 
certainly diiler from the five types enumerated above. 
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that the absence of cavities in some species is a by no means 
uncommon occurrence, and Lundstrém and Lagerheim note tlie 
same fact. 

The upper surface of the leaf is extremely glossy and dark 
green ; the under side is duller and lighter in colour. When 
dipped in water, the upper wets readily, while the water gathers 
in patches on the under side, as if it were greasy. The pits appear 
on the upper surface as very distinct, though small, domed pro- 
tuberances, circular or elliptical in outline (fig. 3); they are flatter 
on the under side (fig. 2). They vary in size in mature leaves 
from 1 to 3:5 mm. in diameter (outside measurement), and the 
depth is usually two-thirds of the diameter. The opening is 
small and usually circular, and in the largest about ^75 mm.; it is 
surrounded by a thickened rim in which are vascular bundles 
proceeding from the veins between which it occurs; the rim is 
lighter-coloured than the rest of the leaf. The interior is usually 
lined with 1-celled hairs. Stomates occur plentifully on the lower 
side of the leaf, but they are absent in the domatia and on the 
upper side of the leaf. The pits are often inhabited by minute 
Acari, and their ova and excrement are alsofound in them. The 
mites sometimes quit the cavities and wander about on the under 
surface of the leaf. I have also seen similar Acari in the 
stomatal cavities of Banksia, in the rolled leaves of Ricinocarpus, 
&c., and in any other cracks or cavities suitable for shelter in 
plants. 

The microscopic examination of sections of the domatia cut at 
right angles to the midrib and vertically, as regards the blade of 
the leaf, shows the structure described below, which is pretty 
constant in all the domatia I have cut. Beginning at the upper 
surface of the leaf, če., on the upper leaf-surface there are— 

(1) The cuticle, which is thin (fig. 5a). 

(2) An epidermis composed of one layer of small oblong cells 
(fig. 55). 

(3) A single layer of hypodermal cells (5¢) much larger than 
those of the epidermis, and from elliptical to oblong in shape, with 
thickening at the angles. "These cells are very thick-walled, and 
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in other parts of the leaf have little protoplasmic contents; but 
over the dome they are richer, and often contain chloroplasts. 
From their varying appearance in leaves of different ages I 
helieve this laver is derived from the next below. 


(4) The palisade-tissue (54) consisting of two rows of short 
oblong cells, their long diameter being horizontal instead of 
vertical. These cells contain many (up to seven) very large 
chloroplasts. 

(5) A layer of spongy parenchyma (5/) containing also very large 
chloroplasts. In this particular region this tissue can scarcely 
be termed spongy, as it is composed of oblong cells laid over each 
other like bricks in a wall; but away from the summit the cells 
are branching and form the usual network, and the most open 
part lies all round the perimeter of the cavity. The dense layer 
over the roof is characteristic of the domatia in all the plants I 
have examined. In the lamina, at a short distance from the 
cavity, the intercellular spaces are arranged perpendicularly, and 
extend from the lower epidermis to the palisade-tissue above, the 
stomata opening as usual into the spaces. All through the leaf 
in this region there are cells not to be distinguished in a fresh 
section, but which stain very deeply with any stain, and more 
especially with hematoxylin, they become quite opaque before 
the rest of the section is sufficiently stained (De). These cells are 
very rich in tannin, and with ferric chloride give a greenish-black 
reaction. There are also ducts in the vascular bundles of the 
veins on each side of the cavity filled with the same substance. 
The tamun-sacs are arranged in two parallel layers, one just under 
the palisade-tissue, the other at the bottom of the layer of spongy 
parenchyma, and resting on the inferior epidermis. All round 
the domatia the two layers coalesce, and then open out again 
the upper set going into the roof and the lower to the floor, and 
extending right to the rim of the mouth. The lower layer is less 
continuous, and thinner than the upper. 


(6) The inner epidermis of the cavity (5g) continuous with and 
similar to the epidermis of the rest of the under side, but thinner. 
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(7) The inner cuticle (55). Through this penetrate unicellular 
hairs (fig. 10) which are epidermal outgrowths, and are thick- 
walled and destitute of contents. They are rarely septate as 
shown in the figure, but usually resemble thase of Coprosma lucida 
(fig. 11). This cuticle, as above remarked, has no stomata. 

The same layers, omitting the palisade-parenchyma, are met 
with in the floor of the cavity, but in reversed order, and in the 
rim 1s a vascular bundle composed of five or six vessels. 

On examining leaves of various stages of growth, I find that in 
leaves 5-9 mm. in length, the domatia appear as slight hollows. 
In leaves 1-9 em. long I find the hollow deeper, and a little tuft of 
hairs in the angle. These are of two kinds: the ordinary pointed 
hair (fig. 10) and short thick ones composed of four almost 
globular cells. In a leaf of tem. long a thickening is apparent 
along the sides of the veins, making a triangular pocket as in 
Group ii, and the hairs project from this. At 5cm. long the 
thickening begins to extend across the mouth from the sides, so 
that there is a hollow surrounded by a ridge. Up to this stage 
the whole of the under side of the leaf is a purplish-brown in 
colour, but the ridge is a very bright green. The ridge had 
grown higher all round in leaves 5-5 cm. long, and a few hairs 
had grown on the front part of the ridge, their points directed 
towards the centre of the hollow. Tn leaves 6 em. long the greater 
height makes the cavity appear much deeper. At 8 em. the ridge 
has reached its full height, and there are a few hairs on the out- 
side of the ridge—simple and pointed. The domatia are com- 
pletely formed when the leaf is 11 em. long, and no further 
alteration takes place except that in leaves a year old there are 
fewer hairs in the interior of the domatium. The leaves reach a 
length, when full grown, of 16 em. and upwards. In examining a 
large series of young leaves, I found no Acari present until the 
domatium was fully formed. This fact has an important bearing 
on Dr. Lundstróm's theory of the meaning of the structures. 

CoprosmA LUCIDA, Forst.—This plant also belongs to Group i. 
The domatia are very large and highly developed. They occur 
in the axils of the secondary veins and midrib, in pairs, or 
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alternately. They vary in number from 3-8. They rarely occur 
in the forks of the secondary veins. The leaf is very dark green, 
and has a varnished upper surface; it is lighter in colour and 
duller below. It wets readily on the upper side, but is greasy on 
the under side. 1t is very thick, fleshy and soft, and the rim of the 
cavities does not project beyond the veins as in Pennantia. They 
show above as slight rounded projections and have a round orifice 
below, surrounded by a slightly thickened rim, the thickening 
being internal. Internally they are lenticular, 2-3 mm. in external 
diameter and the opening :5-l mm. The interior cavity is pro- 
portionately smaller than in Pennantia. The rim is lighter in 
colour than the rest of the under surface. The interior is lined 
with thick-walled unicellular hairs (fig. 11), and hairs of the same 
kind oceur on the midrib below, sparsely on its upper surface, and 
very plentifully in the channel of the petiole in young leaves. A 
section of the cavity perpendicular to the plane of the leaf and 
across the axis of the cavity shows the following structure, 
beginning on the roof—the upper surface of the leaf :— 


(1) The cuticle. 


(2) The epidermis, composed of one layer of small elliptical or 
oblong thick-walled cells. 


(3) A single hypodermal layer of oblong cells with thickened 
walls, and almost always without protoplasmic contents. 


(4) The palisade-parenchyma, made up of four or five rows of 
oblong cells little longer than wide, and very rich in chromato- 
phores, sometimes as many as 20 lining a single cell. Besides 
these, there is often a lighly refractive globule, yellowish-green 
in colour, and like an oil drop, which dissolves in ether and is 
probably a resin or oil. The cells of the highest row are much 
larger than those of the lower ones, each succeeding layer being 
of smaller cells. The outer cells are here and there empty, and 
occasionally a whole row is in this state, and then, except for the 
vertical position, they resemble the hypodermal layer, and as in 
Pennantia the latter appears to be derived from them. Under 
this hes :— 
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(5) A thick layer of spongy parenchyma, arranged in a network, 
but very closely, and with few intercellular spaces, and these 
very small. The cells of this layer are small. At the sides of 
the cavity they are larger and looser in arrangement, so that the 
perimeter of the cavity is surrounded by this more open network of 
cells, which gradually passes into the ordinary spongy parenchyma 
of the rest of the leaf. Here the intercellular spaces are regularly 
arranged, and extend from the lower epidermis to the palisade- 
tissue. These cells also have very many chloroplasts, and those 
nearest to the palisade cells have the oil globules above mentioned. 
But there are none of the tannin-sacs noted in Pennautia, and in 
the densest part they are never arranged like brickwork as in 
that species. 

(6) A single layer of epidermis, the cells thick-walled, and the 
cavity circular in outline. From this proceed the unicellular 
thick-walled hairs springing from much enlarged cells, and some- 
times but rarely septate. 

(7) The cuticle of the inside continuous with that of the lower 
side of the leaf. No stomata occur in the cavity, but they are 
found up to the very margin of the orifice. Vascular bundles 
occur in the spongy parenchyma all round the cavity. 

In the floor of the cavity all these layers except the palisade- 
tissue and the hypoderma occur in reversed order. The develop- 
ment of the domatia in young leaves takes place much as in 
Pennantia, but the unicellular hairs appear later, only the 4-celled 
hairs being present at first. 

The points of resemblance between Pennantia and Coprosma 
are the dense spongy parenchyma over the roof and round the 
cavity, and the epidermal hairs inside and at.the mouth. The 
differences are the occurrence of tannin-sacs in Pennantia and not 
in Coprosma, and the non-occurrence of oil globules in the cells, 
and of hairs on the outside of the leaves in the former. 

COPROSMA FOTIDISSIMA, Forst.—I have seen dried leaves only 
of this and the following seven species, and am not able therefore 
to give particulars of the minute structure. In this species the 
domatia are in the axils of the second and third pairs of veins 
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with the principal vein, and are from 2-4 in number. They 
resemble those of C. lucida externally. 

C. iinrELLA, Labill.—These resemble the last, but are small. 

(C. Cuxntxcuanu, Hook. f.—The domatia are small but other- 
wise like those of C. lucida. 

C. sPATHULATA, A. Cunn.—As might be expected from the 
small size of the leaf, the 2-4 domatia are very minute. 

CQ, Baugriana, Hook. £.—Dr. Lundström, speaking from obser- 
vation of eultivated plants, says that the domatia in this spectes 
are hairless. I find that my notes afford no indication of whether 
hairs are present in the herbarium specimens J examined. I have 
simply noted that they resemble those of C. lucida. 

C. GRANDIFLORA, Hook. f.— The domatia are long and the 
openings slits parallel to the midrib. 

CaxTHIUM LUCIDUM, Hook. et Arn. — The pits are situated in the 
axils of the second pair of veins and the midrib, and rather high 
up in the forks. They are two in all I have seen, but Mr. E. 
Betclie informs me that they are often entirely absent. The leaf 
is a very glossy one. The openings are circular, about 1 mm. in 
diameter, the rim is raised and light-coloured, and vessels oceur in 
it. So far as I can see there are no hairs present. 

C. OLEIFOLIUM, Hook.—The leaf is evidently fleshy, and in the 
‘Handbook of the Flora of N.S.W. is said to be “scarcely 
shining." The pouches are situated in the axils of the first and 
second pairs of veins and midrib, and are slightly alternate; they 
are 4 in number, but as in the preceding species are not constant, 
The opening is triangular or circular, and the rim is thickened 
and contains vessels. No hairs were seen in the interior. 

Ranpia Moore, F.v.M.— The domatia in the leaf of this 
plant are minute. They are in the usual position, and are four 
or five in number. There is a prominence on the upper side of 
the leaf, and the thickened rim round the orifice on the lower 
side forms a conical mound, on the summit of which is the small 
opening. There are no hairs either round the mouth or in the 
interior. The microscopie structure is rather remarkable. There 
are i— 





DYSATEX 6. HAMILTON. yis 


(1) The cuticle, which does not differ from that elsewhere on 
the leaf. 


(2) A thick-walled epidermis, the cells often containing proto- 
plasm. 

(3) A row of bottle-shaped cells, of very large size, arranged 
touching each other at their large ends, but with spaces between 
the necks, which point to the mesophyll (fig. 14a). This occurs 
over all the leaf. 

(4) The palisade-tissue which fills in between the necks of the 
bottle-like cells and below them. This is moderately dense, and 
the cells full of chloroplasts. 


(5) A layer of close spongy parenchyma, which in all parts of 
the leaf is penetrated a little above the lower epidermis by 

(6) A layer of thick-walled apparently empty cells (fig. 14b), 
which stain very deeply, and are, I think, 4-armed, as whether 
sections are made parallel, or at right angles to the midrib, cut 
ends are seen, circular and thick-walled. Both these and the bottle 
cells give a bright purple with ferrie chloride, and are most likely 
tannin-sacs as in Pennantia. In fresh sections both kinds 
of cells are transparent and colourless, but in old spirit specimens 
they are bright brown. This layer divides in the same way ag 
that in Pennantia, one part going to the roof and the other to 
the floor of the domatium. Those above are of normal size, 
while those below are smaller and more scattered. 


(7) The epidermis resembling that of the upper surface. 


The roof and floor of the domatia are irregular, almost papillose, 
and stomata occur in great numbers on the elevations. Vessels 
are present in all the walls. 


R. STIPULARIS, F.v.M.—The leaf is very large, thick, fleshy and 
shining, and has very thick veins. The cavities are small and 
closely covered inside with hairs like those of Coprosma. These 
all point towards the orifice, so that looking down into it a close 
mat of points fills up the opening. This last is small and elliptical. 

The epidermis is thick-walled; the palisade-parenchyma is com- 
posed of 5 or 6 rows of small oval cells closely packed; the spongy 


772 DOMATIA IN CERTAIN AUSTRALIAN AND OTHER PLANTS, 


parenchyma 1s also composed of oval cells, with small and few 
intercellular spaces. The hairs have an enlarged cell at the base 
and are thick-walled and destitute of contents. 


R. cuartacea, F.v.M.—In herbarium specimens imperfect 
domatia, and bunches of hairs were seen in the axils of midrib 
and secondary veins, but fresh leaves showed no sign of them. 
I cut sections through the axils and found a few minute hairs, but 
no approach to the characteristic structure described in the fore- 
going species. J was struck, however, by the packing of large 
collenchyma cells on the upper side of the midrib and veins. 
These stained very deeply, and when tested with ferric chloride 
gave the same purple reaction as A. Moorei. 


MoniINDA JASMINOIDES, Cunn.— This is a climbing plant. The 
cavities are usually high up in the axils of the third pair of veins 
and midrib. They are opposite or alternate. There are from one 
to four, but are sometimes absent. The leaves are rather thin, 
dark green, but not very glossy. The domatia project very 
much on the upper side of the leaf, and but slightly on the 
lower. They are very large, and look like blisters or galls 
externally. They vary from 1-5 mm. long. The openings are 
sometimes of the full size of the cavity, but usually they are 
small and circular. There is sometimes a ridge parallel with the 
vein, thus forming a channel leading to the orifice. The rim is 
slightly thickened and lighter-coloured than the rest of the leaf. 
Many vessels occur in it and in the roof. Ordinarily there are no 
hairs on the interior, which is quite smooth and has large stomata 
in all parts. The minute structure, as seen in transverse sections, 
differs somewhat from that found in the previous plant. Begin- 
ning as before at the summit of the roof on the upper surface of 
the leaf, we meet with :— 


(1) A thin cuticle. 
(2) An epidermis here composed of very large oblong cells with 
thin walls, the longer diameter being horizontal. But over the 


rest of the lamina, the cells are longer vertically, and of great 
depth in proportion to the mesophyll. The upper and lower 
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epidermis taken together are as thick as, or thicker than the layers 
between. The epidermal cells are very clear and free from 
contents. 


(3) The palisade-parenchyma composed of two rows of very 
small oblong cells. the inner row smaller and rounder than the 
outer and very closely packed. 


(1) A very dense spongy parenchyma, becoming more open 
near the domatium. Both this and the palisade layer are very 
dense all through the leaf and very full of chlorophyll bodies, so 
that it 1s difficult even in the thinnest sections to make out the 
structure. I found hydrate of chloral most useful in clearing the 
sections. 

(5) The epidermis of the domatium, in two layers, the inner 
er cells: 


composed of larg 

(6) The inner cuticle, through which stomata open in all parts 
of the cavity. The same layers oceur in reverse order in the floor, 
and running from the midrib and vein is an extension of the 


round strengthening cells which occur outside these. 


The above is a description of the domatium in an ordinary 
healthy state. 1 have rarely seen Acari in them. But some 
time ago I came across a plant with very large domatia which 
were evidently in an unhealthy state, being pale or brown, or 
even black. On examining them, I found that all the unhealthy 
domatia contained numbers of Acari and their ova. Sections of 
these showed the palisade and spongy parenchyma cells greatly 
swollen and very irregular in shape, and undistinguishable from 
each other. Brownish patches occurred here and there, and also 
in places a number of cells had taken a bright crimson colour. 
In some of the cells of the mesophyll there was a deposit of 
granular matter on the walls. The epidermal cells were normal 
as to shape, but even larger than ordinary. Where ova rested 
on the interior of the domatium, the cells were dark-coloured and 
very closely placed. -At the mouth, hairs of the same kind as in 
Pennantia were placed. In three sections from the same domatium 


I counted ninety-two ova, besides several young and mature Acari. 
51 
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The mites were the same species as are usually found in domatia. 
They appear to be very near, if not identical with, the Gamasus 
ficured by Lundström. There could not be any doubt but that 
the mites had an injurious effect, and this, with another case to 
be referred to, was the only instance I have seen of the little 
animals being hurtful to the plant. But there was nosign of the 
peculiar alterations and structures which are caused by Phytoptus 
and some other noxious mites. 

TARRIETIA ACTINOPHYLLA, C. Moore.— The leaves are digitately 
compound, and when young are studded with star-shaped peltate 
hairs, especially on the midrib. The domatia are in the leaflets 
in the axils of the secondary veins and the midribs. They do not 
occur in the lower part of the leaflet nor near its tip. In the 
same leaflet some veins are in pairs opposite, and others alternate; 
the domatia thus are in pairs or single. In three leaflets examined 
by me there were 14, 15 and 17. The leaf is strong in texture 
and smooth, shining on the upper surface, but not varnished. It 
wets readily on this side, but on the lower surface the water runs 
together and passes down the vein channels; it does not, however, 
enter the domatia, as the orifice is too small. The pits are formed 
by a widening of vein and midrib running out towards each other 
and almost meeting in the centre (fig. 15), thus forming a depres- 
sion leading into the domatium. Sometimes, however, the ridges 
meet, and then the mouth is circular. I have, therefore, put this 
form in Group i. although it really is transitional between 
i. and ii. The thickened part is lighter in colour than the rest of 
the under side of the leaf. There are no stomata on the upper 
surface, but they are plentiful below and of small size. None are 
found in the interior of the domatium. The latter are 1-2 mm. 
in diameter. Vascular bundles are plentiful in both walls and rim. 
The interior is lined with stiff hairs like those of Coprosma, the 
points all being directed to the orifice. Acari were observed in 
the domatia. The layers in a section of the pit were as follows:— 

(1) A rather thick cuticle. 

(2) The epidermis, the cells thick-walled and with bright brown 
contents which give the tannin reaction faintly with ferric chloride. 
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(3) The palisade-parenchyma, consisting of long cells, arranged 
in two layers, and very full of chloroplasts. 

(4) The spongy parenchyma, denser here than elsewhere in the 
leaf, but yet more open than in Pennantia or Coprosma. Tt has 
a layer of tannin-saes, but not very rich in tannin. 

(5) The inner epidermis, thick-walled and with brown contents. 

(6) The cuticle, through which project hairs, without stomata. 
The floor has cuticle, epidermis, spongy parenchyma (denser than 
that in the roof), epidermis, and outer cuticle. The stomata in 
the lower epidermis extend to the very edge of the mouth. 

The brown contents of the epidermal cells are found all over 
the leaf, and appear solid aud squarish in outline. The hairs of 
the domatium have also brown contents, often broken up so as to 
resemble a string of beads. 

VITEX LiTTORALIS, Forst. —Mr. E. Betche discovered that the 
herbarium specimens of this plant in the museum of the Sydney 
Botanical Gardens, collected in New Zealand by Mr. T. Kirk, 
have well marked domatia, but on examining the growing plant 
in the gardens none could be seen. Many domatia-bearing 
plants show this inconstaney, but I have not been able to trace 
the cause. It must be remembered, however, that young leaves. 
show nothing but the depression in the angle, to the naked eye, 
or even to the hand lens. In this way I think it happened that 
a plant of //odgkinsonia to be referred to was recorded as being 
without these structures. From the above causes I am compelled 
to speak only of dried material of this species. The opening is 
circular, the rim very much thickened, and the domatium projects 
beyond the surface of the leaf both above and below. They are 
placed in the main axils and are 4-8 in number. I attempted 
sections after prolonged soaking in glycerine with a little spirit, 
and sueceeded in cutting them fairly thin, but the cells were much 
distorted, and I could only see that the arrangement of layers 
resembled that in other plants, and that there were no hairs in 
the cavity or round the orifice. 

PsycHoTria Carronis, C. Moore, et F.v. M.—I have seen only 
herbarium specimens of this plant. The domatia occur in the 
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main axils and are very large, with a wide elliptical opening. I 
could see no hairs present anywhere. 

P. cymosa, Ruiz. et Pav.—The pouches occur in the principal 
axils and have a circular openmg. The microscopie structure 
resembles that of Coprosma lucide, having the same dense layers 
of palisade-tissue composed of small cells very rich in chromato- 
phores. The hairs are different, being septate, with as many as 
thirteen divisions (fig. 9). They have little or no cell contents. 
There are no stomata in the cavities. 

P. BISULGATA, .—1 have not seen this plant, and I am 
indebted to Mr. E. Betche for the information that Trimen (3) 
says of the leaf, * Lateral veins often with deep pits in their 
axils, which appear as warts on the upper surface.” 

The above-mentioned plants are all in which I have seen this 
highly developed form of dematium, but Lundström (1) describes 
a large number of other species which have it, mostly Australian. 


Group ii. 

DysoxyLum FRasERIANUM, Benth — The domatia are in the 
principal axils of the leaf or leaflet; and, so far as I have seen, this 
form never oecurs in the secondaries. Sometimes they are found 
on only one side of the midrib, but generally on both. They vary 
in number from one to twelve. The leaves of a plant growing in 
a shady situation are very dark green and shining, on the under 
side lighter. From a sunny spot, they are much lighter in colour 
and smaller. The leaf wets readily on the upper side, but is 
greasy below. The pits do not appear much on the upper side of 
the leaf, but on the lower side they are very prominent, some- 
times projecting above the leaf surface 3 mm., and then are corky 
and diseased-looking. The size is on an average 3x 2mm. The 
opening is wide and arehed (fig. 6). Vessels oceur in the walls. 
The interior is hairy, the points of the hairs projecting from the 
mouth. There are no stomata inside the domatium. 

The substance of the domatium roof consists of—(1) euticle; 
(2) epidermis; (3) close palisade-tissue in two layers of very 
narrow cells, which are nearer the normal shape and arrangement 
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than any I have seen in other plants; (4) close spongy paren- 
chyma; (5) epidermis; and (6) cuticle. Here and there in the 
spongy parenchyma occur spherical interspaces of large size and 
destitute of contents. In the diseased-looking domatia of great 
thickness I found that the spongy parenchyma layer was of 
greater thickness, the hairs absent, and the roof and floor 
epidermal cells filled with a red substance which formed a thick 
layer on both roof and floor. I fancy that this diseased state is 
caused by some insect (not a mite' taking up its abode in the 
domatia as I repeatedly found remains in sections of some rather 
large insect. The mites were found in a few of the domatia, and 
in all the domatia were found dust, pollen grains, and both spores 
and mycelium of fungi. Itis rather remarkable that these should 
be so plentiful, as from the mouth opening towards the apex of 
the leaf, and the leaf itself having a horizontal position, they 
could scarcely be washed in by rain, especially as they are on the 
under side of the leaf. I did not find such quantities of foreign 
matter in any other domatia, even of those with orifices as large. 
But Dr. Lundstrom notes the same kind of thing in many species 
examined by him. 

CEDRELA AUSTRALIS, F.v. M.—The domatia are like those of the 
last plant, but flatter; stomata occur in the inside aud there are 
none of the spherical intercellular spaces mentioned above. 

In very young leaves (10 x 1:5 mm.) the under side of the leaf 
is covered all over with hairs; as the leaf grows older, the hairs 
drop off, except those in the axils where domatia are to form. 
The hairs are of two kinds, pointed and thin, and short 4-celled 
hairs filled with bright brown matter. These persist for some 
time on the general leaf surface, and in the axils. "They are 
probably eolleters. In a leaf 10 x 3 mm. I found the hair tufts 
and a slight widening of the veins in the axils, and in larger-sized 
leaves the tissue widens progressively. But the domatia have 
not reached their full development even when the leaf is full 
grown as to size. Itis only when the leaf has gained its mature 
hardness and consistency that the process of growth in the 
domatia is complete. 
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The domata of these 
three species resemble those 


ILEOCARPUS GRANDIS, F.v. M. already described | under 
E. cYANEUS, Ait. Dysovylum and Cedrela, but 


EL.EOCARPUS LONGIFOLIUS, C. Moore E. grandis has "EN long 
slender hairs, and Æ. cya- 


neus has none. 


HopGkINSONIA OVATIFLORA, F.v.M.— Herbarium specimens of 
this plant showed very distinct bunches of hairs in the axils, 
especially one taken from a cultivated plant in the Sydney 
Botanical Gardens. But on examining fresh leaves (young) from 
the same plant, no hairs could be seen with a hand lens. I eut 
some sections of the axils, however, and found that a very small 
hairy depression did exist, and examination of numbers of sections 
revealed a slight extension of tissue from vein to midrib. J have 
no doubt, therefore, that mature leaves of the plant would show 
that it should be placed in Group ii. The hairs are few in number, 
straight and septate. 

Viris BavpiNIANA, F.v.M.— I have placed this form in Group ii. 
because though ordinarily it presents a marked difference in the 
shape of the triangular pouch, yet it is a modification of that 
shape, and in addition, all stages may be found from the triangular 
form almost to the sunken cavity with a circular orifice. They 
oecur in the axils of the lateral veins and midrib, but are frequently 
present in the secondary vein-axils also, two or three on one 
vein. At the base of the leaf there are on each side of the 
midrib, first asmall, and next a large lateral springing from the 
insertion of the petiole, and here are found four large domatia. 
In the whole leaf they vary from 8 to 30, or probably many more. 
I have never found them entirely absent in any leaf. The leaf is 
hairy, more especially on the under side and 1n the younger stages. 
It is easily wetted on both sides, but the water runs into greasy 
patches on the upper surface. The domatia are formed by the 
extension of tissue from the midrib and vein, but in the middle the 
extension grows out into a point, which arches over the mouth 
(fig. 7) In the centre, too, there is a dome formed by the 


hj 
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arching of the tissues. There is also sometimes a closed- 
in cavity on each side of the domatium. This I have 
seen in Morinda jasminoides also. The domatium is 2 nun. 
high, and the transverse measurement 2:5 mm. in large specimens. 
The interior is thickly lined with thin cottony hairs, and there 
are besides stalked T-shaped hairs (fig. 8). Stomata are found 
only in the lower epidermis, and do not extend to the cavity. I 
have often found in the domatia small hemipterous insects, which 
apparently are in the habit of frequenting the cavities, for when 
driven out of one they go straight to another. 

The microscopic structure is much like that in Dysoxylum. 
The palisade-cells occupy half the thickness of the leaf. There 
is no thickening or thinning of the leaf blade at the domatiuin, 
but it curves upward slightly, showing a slight protuberance on 
the upper surface. Vessels occur in the domatium walls. Tt is 
ditlicult to make out the domatia in young leaves on account of 
the thick felty layer of hairs. But even in the bud stage I could 
make out that the tissue extension is present. I have not seen 
this so early in any other plant. 


Group in. 

VIBURNUM CHINENSE, Hook.—The depressions are large and 
occur in the axils of midrib and veins. They are 6-14 in number. 
The leaf is thick in texture, light green, but not glossy. The 
depression is formed by a thinning of the leaf substance, and has 
sloping sides and an irregular surface. There is a slight thicken- 
ing of the leaf all round the hollow (fig. 13), and on this and the 
elevations are tufts of light brown and curled hairs. They are 
thick-walled, and their contents are arranged m globules hke a 
string of beads. On the thinner veins where there are no domatia 
a few rows of straight hairs grow. The hollows are about 2 mm. 
in diameter. Stomates occur on the lower surface of the leaf and 
in the hollows. The minute structure is as follows:—(1) Cuticle; 
(2) epidermis of the upper surface with thick walls; the cells 
containing a considerable amount of light green chlorophyll; (3) 
palisade-tissue very-full of large chromatophores, passing gradually 
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into (1) a very loose spongy parenchyma also rich in chlorophyll, 
the cells large in size, and staining deeply; (5) a thick-walled 
epidermis sometimes having brown contents as in Tarrietia, out 
of which grow the hairs, two, three or more hairs springing from 
one cell (fig. 13); (6) the cuticle with stomata. 


SLOANEA WooLLsir F.v.M.—The depressions are in the axils 
of the midrib and laterals, and begin at the lowest pair. They 
number 15-21, and are minute—1 mm. in diameter. The leaf is 
hard in texture and smooth; it wets readily above, but on the 
under side the water runs into patches. There is not such a 
decided thinning of the leaf asin Viburuum, but the thickened rim 
runs all round, and few hairs grew on this. Stomata are found 
on the under surface, but, so far as I can see, none extend to the 
hollow. The microscopic structure is as in the last-named species, 
except that there are no deeply staining cells, and the spongy 
parenchyma becomes very dense over the roof. 


GALDENIA sp.—In a commonly cultivated species of this plant 
I found depressions filled in with long straight hairs springing 
from the vein and midrib: they are roughened on the surface, 
septate, and have green or brown contents at the tip. Stomata 
occur in the pit. 


Group ve. 


Examples are seen in Hydrangea hortensis, Sieb., Morinda 
citrifolia, Linn. and Mandevillea sp.hort. There is nothing 
resembling the microscopic structure of the cavities, etc., to be 
seen in these. The cells from which the hairs spring in Mande- 
villee are bright crimson. I have also seen them in Prunus 
Lusitanica, Linn., P. domestica, Linn., Rubus Moorei, F.v.M., 
Solanum sp.hort., and some other plants, but I have not made 
sections of these. 


Group v. 
The only plants which I have seen, hairy all over but having a 


thicker tuft in the axils, are Psychotria loniceroides, Sieb., and 
Diploglottis Cunninghamit, Hook. f. 
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I have deseribed the domatia of the above-named species fully 
as types of the structures in question. The following list of 
domatia-bearing plants which I have myself examined is arranged 
according to Natural Orders. I have followed Baron von Mueller’s 
arrangement in the Second Systematic Census of Australian 
Plants. 

MELIACE;E. 


Dyson AM Frasemanum, Benth. ................ 1H. 


Synoum glandulosum, A. de Juss.. .......... Toni in 
Cedrela australis, B. vae... ed GOTT TTTETT i. 


STERCULIACEJ. 


Lavmetia actinophylla, C. Moore ................. i 
TILIACEJE. 

Eleocarpus cyaneus, Ait. .......... Pec «STM. 

CERTE LESE today cess eC MEME NN « iP 


obovatus, G. Don ea. eeese see eo aesee 1.* 


Dun eng Mollis dove oe secre ode T. 


SAPINDACE.E. 


Diploglottis Cunninghamit, Hook. f....... 1t 437 

EN CDCl foveolatum EV M I.e ree eMe 
E Iu SbenUlt...aneuesseseseroveveser “Ile 

ania \adstconmeit, Bv. M.a ILF 


, ROSACEÆ. 
Rubus Moores, Pov NE cc ccc cece ee ees IV. 
Prunus Lusitaniea, Linn. ........... eases cea 
domestica, Linn eeen Ea E 


p 


* Probably the spectes Æ. foveolatus was named from the presence of 
domatia. I have not seen it. 


t Cupania foveolata, V.v.M., is described as having dimples in the axils. 
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SAXIFRAGE.E. 


Hydrangea hortensis, Sie) mee ose eee toeoeeen eee eee ee 2v 


VINIFERZE. 


Vitis Daxidiwsana, Pow, M. Bee 


ARALIACE. 


Paras elegans, CMMoore et Pv el 


OLACINE. 


imo 
. 


Pennantia Cunninghamii, Miers ................ 


RUBIACEÆ. 


Gardana sp. onum ee eee ee Poe Ba 
kandia chartacea, Een ME c c PE MN i. 


Moore, F.v.M. seo oe ee eeoestoee ene Cee eee 808 1. 
stipularis, F.v. M. *.«0606€0€6€0624«406«9226«€€6299999292909€ i. 
daisiflora. Benth em. Ac 


Hodgkinsonia ovatiflora, F.v.M ............ VOTE 


Canthium oleifoliwin, Hook..................... T IL 
lucidum, Hooke Arita, ee 


Morinda extrifolia, Lini m 2 E 
jasmemowles, Cuni qM 
Psychotria cymosa, Riz, et ay ee 
lonicerordes, Bieb cM » 

Carronts, C Moore et F.v. NE E 

Coprosma lucida, Forst. ctc EE Tcp eb 
rolnista; Raoul TTE ne 
gramdiulora, Hook E: ET 
Cunninghame, Wook. do cT 


of Oct id isst Forst n ME 


m. —e 
. 


hartella, Labil. ...... TOES 


Ee 
ry 


Dawervana, Hooks oc eee 
spathulata, A Cm eee 


[LE 
. 
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1 
CAPRIFOLI ACE. 


Viburnum chinense, Hook. ........... ma 1. 


APOCYNER. 


Mo phon cc a o IV. 


SOLANACE.E. 


Solanum. speahort........ pm Me V. 


BIGNONIACES. 


Joco CaS Audie esas eee scd ess eee 


V ERBENACE.E. 


Meg YET CUI Nasi: ooh 00s see eae oa es nee ie 


I have counted the species of domatia-bearing plants in each 
order in Lundstróm's, Lagerheim’s, and this paper, and arranged 
them in descending order. 

Rubiacew, 107; Tiliaceæ, 40; Bignoniaceze, Oleacez and 
Lauracex 16 each; Cupuliferz, 15; Solanew, 13; Apocynew, 12; 
Rhanmnace:, Aquifoliaceæ and Juglandiacez, 6 each; Loganiaceze 
and Anaeardiacem, 4 each; Caprifoliacee, Dixace:, Meliaces, and 
Rosacew, 3 each; Compositw, Ribesiaceze, and Hamamelide:e, 2 
each;  Asclepidiacew, Sapotacese, Aceracee, Myrtace:w, Mag- 
noliacez, Ulmacee, Platanace:w, Sterculiace:, Olacine:s, Araliace:e, 
Vinifere, Saxifrager, and Verbenacex, 1 each. From the above 
it will be seen that the orders Rubiaceze and Tiliacez are far 
before the others in domatia-bearing species. 

There are, however, included in Dr. Lundstróm's list some 
plants which are only doubtfully possessed of these structures, 
and one or two which certainly are not. To take the latter first. 


Tecoma AusTRALIS, R.Br.— Dr. Lundström says (1, p. 37)—-- 
This plant * has 1-3 dimples which are (always ?) inhabited, but 


* Remarkable as having branching hairs in the axils. 
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they oceur in quite an indefinite manner on the under side of the 
leaf T cannot assert with positive certainty that these dimples 
are domatia, but I may commend these particular formations to 
closer examination by those biologists who have the opportunity 
of studying them in the open.” The structures alluded to occur 
in quite a number of plants, e.g., Cedrela australis, Acronychia 
leris, and many indigenous Rutaceæ. They are crater-shaped 
hollows, and when young the edges overhang so as to give a 
transverse section the appearance of such a domatium as is found 
in l'oprosma. But the whole cavity is filled up by a sessile round 
or elliptical. gland, flat-topped, shining with moisture, and pale 
coloured. Sometimes in old leaves the gland is wanting, having 
apparently dried up and fallen out. In Cedrela they sometimes 
occur on the veins, usually near the top of the leaf, and in one 
instance T found one in the hair-tufted depression which forms 
the first stage of a domatium. But ordinarily they occur away 
from the veins, and I could not find any rule as to the place of 
their occurrence. Acarids are sometimes found in them. 


«ACACIA DEALBATS, Link. (1, p. 54) has usually red dimples 
along the rhachis in a row on the upper side. These are most 
frequently uninhabited as far as I have been able to find. . . . 
These peculiar formations may well deserve to be closely 
examined in a natural state.” These are most decidedly not 
domatia, but true secreting glands with a duct to carry off the 
secretion, which, judging from the fondness of ants for it, is of a 
sugary nature. 


QUERCUS ROBUR, Linn,—<At the base of the leaf, there are two 
backward curves forming shell-shaped cavities which Dr. Lund- 
ström takes to be domatia. T tind, as he describes, that there is 
no structure characteristic of domatia. Stomata occur inside, 
and the inner surface seems to transpire more rapidly than the 
rest of the leaf, for on several occasions I found this surface 
covered with a dew of condensed vapour. The interior is always 
much covered with dust, I found no mites in examining a large 
number of leaves. 
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ILEX spp.--Dr. Lundström deseribes backward curls of the 
edge of the leaf near the base, forming a cylindrical room, and 
found here the cast skins of mites. But so far as dried material 
could show, there was not the peculiar structure found in domatia. 
I have found in Fupomatia laurina similar structures, but could 
find no mites or traces of them. 

Scutnus spp.—These have a wing on the rhachis provided with a 
small tooth on each side at the insertion of the leaf, which folds over 
and forms a cavity. I am inclined to think that none of these 
structures are true domatia, and would restrict that term to 
cavities or depressions in the leaf surface showing the peculiar 
appearances described under the types I have taken. But under 
Dr. Lundstrom’s definition of a domatium, viz., all those structures 
of plants which act as dwellings or shelters for insects and receive 
in turn some benefit from the latter, all these might be included. 

Dr. Lundstróm classifies domatia into the following five groups 
—(1) Hair tufts at axils; (2) bending back or folding of leaf or 
edge of rachis; (3) dimples with or without hairs; (4) small 
pockets; (5) bags, ke. His group 1 corresponds with my group 
4; his 3rd with my Ist, and 4th with my 2nd. His 2nd and 5th 
groups I have not taken to be domatia, and he does not 
particularly notice my 3rd or 5th groups. 

J have arranged the groups of types as shown because it indi- 
cates the order of development—beginningwith the highest. The 
domatium usually begins either as a small hair-tuft or a depression. 
Then an outgrowth from the veins begins extending right across 
the angle. Later a ridge thickens up across the open angle and 
runs round to the sides, so that when all the parts are grown to 
full height a circular orifice is formed. This is well seen at times 
in Vitis Daudiuiana, which usually has the triangular pouch, but 
at times forms the circular cavity in this way. As the order of 
types, beginning with the 5th, represents the development of the 
domatia in a single plant, so also it probably brings before us the 
order of evolution. 

So far as I have looked into the matter, it appears to me that 
domatia are most common in plants of a southern origin. At any 
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rate, it is certain that all the species having very perfect domatia 
are so, and of these New Zealand, Lord Howe Island and Aus- 
tralia supply a large proportion. Out of 41 species named in my 
original paper, 32 were from these localities. 

The most interesting question, however, is, What 1s the meaning 
and purpose of these structures? And it is a difficult one to 
answer. The first possibility that occurred to me was that they 
were pathological in their nature. But prolonged observation of 
the plants and study of sections convinced me that they were not 
so. T have seldom seen the slightest appearance of disturbance 
of the tissues which form the walls and roof. In Packard's Forest 
Tusects (4) p. 554, there is a figure of a section of a Phytoptus 
gall from Fraxinus viridis which in outline resembles a domatium. 
But it is only in general features that this resemblance holds—it 
is quite different in details. Phytoptus, too, spends its life in the 
call and can always be found there. But when a Phytoptus is 
found in a domatium, Dr. Lundstróm observes and my own 
experience coincides, that pathological changes are always present. 
In Panax elegans and Morinda jasminoides I found domatia with 
many Acarids—not Phytoptus—were diseased and altered, but it 
was from the mites destroying the epidermis in the one case, and 
in the other the appearance of the tissues was completely changed 
from the normal state. At the same time I found leaves with 
fully formed domatia, on the same twig and even at the same 
node, opposite, which had no mites and were quite normal. 
There was no doubt, therefore, that the diseased state was induced 
in normal tissue by the insects. 

Tt next occurred to me that they might be glands, and as many 
of the plants bearing the highest type of domatia have extremely 
glossy leaves (e.g., Coprosma lucida), it seemed possible that they 
might secrete resin or varmsh. But an examination of all stages 
of growth showed no secretion of any sort, nor did the structure 
resemble that of any gland I know of, so that I abandoned this 
line of inquiry. 

It was suggested to me that the domatia-bearing plants may at 
one time have been like Banksia and Nerium, t.e., that their 
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stomata were contained in crypts in which they were sheltered 
from excessive transpiration by long hairs, and that under altered 
climatic and other conditions the stomata passed out to the 
general surface, leaving the pits as relics of the former state of 
affairs. I made a careful examination of several species of 
Banksia and of Nerium, but found the crypts of a totally different 
character, and in addition, in both genera, the crypts are evenly 
scattered all over the surface, while in the species under con- 
sideration they occur only in the axils of the veins, or rarely (¢.7., 
Pennantia) on the course of the veins and appear to have a 
definite relation to those organs. 

Again, the solution was offered that they might be extra 
erowths caused by the superabundance of sap at the axils. But 
the fact that they are found mostly in the middle axils on the 
midrib, and not on the lower ones, where the sap would naturally 
be more plentiful, bears against this, and their regular organisa- 
tion and appearance I think sufficiently negatives this theory. 

The purpose which seemed to me most feasible, and which I 
took most pains in working out, was that they might perhaps be 
organs for absorbing gas, vapour or water, and this seemed all the 
more likely from the fact that the plants possessing them are all 
inhabitants of moist climates, New Zealand, Norfolk and Lord 
Howe Islands being their head quarters. Careful experiment 
showed that they would not fill when the leaf was wetted, the 
small opening being stopped by an air bubble, nor could I, even 
by prolonged submersion, succeed in filling them. To be sure I 
was not mistaken, I tried an alcoholie stain (as it flowed freely 
and would leave the epidermis stained as a record) and even 
mopped the cavities out with alcohol to encourage capillary action, 
but still the liquid would not run in. Mr. Betche tells me he 
succeeded in filling the pouches of Dysoxylum Fraserianum by 
immersion for some hours, and he thinks the fact that dust is often 
found inside is an additional proof that rain does run in and 
carries with it foreign matter. Their position on the under side 
of the leaf, too, is to some extent unfavourable for their filling, so 
that:on the whole I had to abandon the hypothesis. also tried 
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experiments by waxing cut petioles, letting the leaf wilt and then 
weighing and immersing in water, at the same time treating 
leaves of the same area, weight and consistence in a similar way. 
I found that both kinds of leaves gained in the same ratio, from 
5 to 20 per cent., so that the domatia-bearing leaves had no 
advantage. I tested them in the same way for the absorption of 
vapour in closed moist chambers, in sunlight, diffused light, and 
darkness. The results were contradictory in both kinds of leaves. 
Some gained 1 per cent., and others lost as much or more. At 
that time I was under the impression that stomata did not occur 
in the pits, but as has been shown, this was a mistaken view. 
For want of a quantity of material I did not experiment on these 
plants. But it must be remembered in this connection that the 
stomata are in no way different nor more abundant relatively in 
the pits, and as there are thousands on the free surface of the leaf, 
no great advantage could accrue from the presence of a few in. 
sheltered pits. 

Dr. Lundstróm in considering their use took up the possibility 
of their being connected with motile phenomena, but found that 
untenable. He also considered them as being perhaps insect 
traps, but was compelled to abandon that view also, as the mites 
go in and out freely. In this my experience coincides with his. 

The final conclusion he caine to was that we have here an 
instance of symbiosis between the plants and the mites, and he 
thinks that the production of incomplete domatia has become 
hereditary in these plants, the stimulus given by the arrival and 
presence of the mites causing the final development of the 
domatia. He was led to this from observing the almost universal 
presence of mites in the cavities—in which I cannot say that my 
experience coincides. I find mites sometimes, but just as often 
not, and in the two instances in which I found large numbers 
(before referred to) I found the domatia damaged by them. He 
claiins that mites of the type figured by him do not damage the 
cavitics, but that PAyfoptus mites do. But in both the instances I 
speak of the mites were remarkably like those figured, and most 
certainly were not Phytoptus. In answer to the question of what 
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benefit these little animals may be to the plant, he says they eat, 
and as a consequence excrete and give off gases, and he thinks 
it probable that the excreta and gases are absorbed by the plants, 
which are thus benefited. He also speculates as to whether 
certain crevices observed in some fruits may not be domatia to 
shelter the mites till the young plant grows and gives them the 
leaf-domatia. Still another service they may do is that they may 
eat the spores and mycelia of noxious fungi which rest and 
germinate on the leaf, and in support of this he mentions having 
seen minute rings which were undoubtedly the chewed mycelia, 
and also digested spores in the excreta. Some of the strongest 
evidence he has to offer in favour of there being a relation of 
mutual helpfulness between the two is as follows. 

Speaking of Psychotria daphnoides he says: “ I have kept a 
specimen of this species for six vears in a dwelling room. When 
it was brought thither the domatia were for the most part 
inhabited, but afterwards the mites almost entirely disappeared, 
partly because they were swept off with a brush, and partly 
banished by smoking. It was curious to observe how the unin- 
habited domatia on the new sprouts altered by degrees, the hair 
formation almost entirely disappeared, the opening widened, and 
the inside of the domatium passed into a shallow cup-shaped 
depression . . . . On some leaves the domatia have almost 
entirely disappeared, and the epidermis in the vein-axils has by 
degrees assumed the same appearance usual to the under side of 
the leaf. At the same time the domatia which remain inhabited 
retain their normal form. From these facts, it may, in my opinion, 
be inferred that when the corresponding organs on a sprout find 
no opportunity for action, Ze. do not become inhabited, the 
domatia on the following lateral sprouts become more and more 
rudimentary til they disappear. Whence it follows that the 
importance of the domatia depends on the little creatures inhabit- 
ing them " (1, p. 15). 

Speaking of the protoplasm in the euticle of the domatia walls : 
* [t remains to examine more closely how this protoplasm behaves 


in cells which lie under the excrement of mites; in some sections 
n 
53 
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it seemed considerably browner and thicker, in others again it 
was not distinguishable from the plasma of cells which were not 
covered with masses of excrement. . . . Through examination 
of consecutive sections of an inhabited domatium, I have proved 
that the inner wall is quite unhurt, not injured by punctures or 
bites pp 

Again, under Laurus nobilis :—'* On a specimen about 2 met. 
high which T have kept six years in a room, and from which the 
mites have been removed partly by smoke and partly by means 
of a brush, the domatia have become by degrees indistinet, and 
indeed have quite disappeared from certain boughs. It has been 
distinctly proved by this, that where mites are absent, there the 
domatia have not attained their normal development and size, so 
that the full development of the domatia is in necessary connection 
with the presence of mites " (1, p. 49). 

By means of carefully planned culture experiments, he 
attempted to prove that the domatia only eame after the arrival 
of the mites, but partially failed, as the resulting plants did pro- 
duce domatia, although fewer in number, smaller and poorer in 
hairs than normally. On p. 61, he says it has been plainly proved 
that the domatia in Psychotria, Tilia, Laurus and others can only 
reach their full development in the presence of mites, and that 
these being absent, the domatia do not develop fully. 

After prolonged consideration of the subject, T cannot consider 
Dr. Lundstróm's theory as perfectly explanatory of the use ot 
these structures, although I must acknowledge that I have no 
better solution to offer. Some of the points which have occurred 
to me as being against his view follow. 

The mites are not always to be found in wild plants; even when 
the domatia are fully developed, they are often absent. Dozens 
of domatia may be searched and no mites found. Tn examining 
large numbers of leaves of Pennantia Cunninghame I found none 
present in the earher stages of the development, which is just the 
time when their presence is needed. I find them also in the rolled 
leaves: such as Ricinocarpus pinifolius, and in the stomatal erypts 
of Banksia, and they seem to be just as much at home there as in 
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the domatia. T have often seen them in cracks and crevices of the 
plant, as between bud-seales, or in the chink between a petiole 
and a stem, as has Dr. Lundstróm himself. But I do not think 
that it is necessary to consider any of these places as dwellings 
specially prepared for the mites. Indeed Dr. Lundstróm uses an 
apt illustration of this very point when he says it would be as 
reasonable to consider a wood where a hare was started as a 
dwelling specially formed for the hare. The tact that the two 
plants in which I found great numbers of mites had in the one 
case (seased and in the other damaged domatia is very important, 
especially as they were not the hurtful mites, but of the same 
kind as those figured as domatia-dwellers. Again Dr. Lundström 
takes the fact of the leaves containing most domatia being very 
luxuriant in growth and very healthy as proving the benefit 
derived from the mites. But is it not possible that the Acarids 
might be attracted by those very states ? 

On the whole, therefore, while not denying the possibility of 
Dr. Lundstróm's view being the right one, I am of opinion (and I 
set forth my opinion in opposition to that of so good an observer 
with considerable hesitation) that the whole question needs much 
further observation and research. The following points need 
special attention :— 

(1). The development of the tissues in all stages of the for- 
mation of the organs. 

(2). The careful determination of the species of mites found in 
each species of domatia-bearing plants (@) in a state of nature; 
( 5) in plants cultivated in different countries. 

There also remains much to be done in the discovery of other 
domatia-bearing plants, and in the habitat in which each is found. 

I should have mentioned that I have never been able to find 
either in specimens or in figures of fossil leaves any appearance 
of these structures. 

But Mr. Henry Deane informs me that from Gippsland he has 
some fossil leaves of a Coprosma-like plant which apparently show 
decided prominences in the principal vein-axils. As this is the 
invariable situation of domatia in that genus it is not improbable 
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that they may be these organs. That they are of great antiquity 
I have no doubt. 

l have to thank three lady friends for translating Dr. Lund- 
strum’s valuable memoir, and also Messrs. E. Betehe, J. J. 
Fletcher, and J. P. Hill for very material assistance. 
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EXPLANATION- OF PLATE: 
Pennantia Cunninghami (Figs. 1-5). 


Fig. l.—-Part of leaf showing arrangement of domatia on veins. 


Fig. 2.—Domatium from under side of leaf (x 4). 
Fig. 3.— Hair from interior of domatium (x 120). 
Fig. 4.--Outline of section of domatium ( x 20). 
Fig. 5.—Section of roof of domatium (x 120). 

a, cuticle ; b, epidermis; c, hypodermal layer; d, palisade 
tissue ; e, tannin-saes; f, spongy parenchyma; y, lower 
epidermis; Å, cuticle. 

Fig. 6.—Hair of domatium, Coprosma lurida (x 120). 

Fig. 7.— Pouch-shaped domatium of Dysoxylum Frascrianum (x 10). 
Fig. $.—Ontline of section of domatium, Dysoxylum. 

Fig. 9.—Ontline of section of depression in leaf of Viburnum Chinense 

(x 10). 

Fig. 10.—Tuft of hair in axil, Synoum glandulosa (x 10). 
Fig. 11.—Hair of domatinm, Psychotria cymosa (x 120). 

Fig. 12. —Section of leaf, Randia Moorei: a and b, tannin-sacs. 
lig. 13.— Hair. Vitis Baudmiana (x 120). 


